The migration of Kirschner wires (K-wires) is a rare but significant complication of osteosynthesis interventions, and numerous cases of wire migrations have been reported in the literature. Nevertheless, migration into the spinal canal is very rare, with only 10 cases reported thus far. The authors present a case of K-wire migration into the spinal canal, together with a review of the relevant literature. A 30-year-old male who had suffered a right clavicle fracture in a motorcycle accident was treated with 2 K-wires. Four months after the initial fixation, while he was lifting his child, he experienced short-term pain in his back, numbness in all 4 extremities, followed by a spontaneous decrease in numbness affecting only the ulnar nerve dermatomes bilaterally, and a persistent headache. No urinary incontinence was present. Simple radiography studies of the cervical spine revealed a wire in the spinal canal, penetrating the T-2 foramen and reaching the contralateral foramen of the same vertebra. Computerized tomography showed the wire positioned in front of the spinal cord. Surgery for wire extraction was performed with the patient under general anesthesia, and he experienced relief of the symptoms immediately after surgery. This case is unique because the wire caused no damage to the spinal cord but did cause compression-related symptomatology and headache, which have not been reported in osteosynthesis wire migration to the thoracic region.
I ntramedullary osteosynthesis using Kirschner wires (K-wires) was introduced by Gordon Murray in 1940 as a surgical method to shorten the conservative treatment period. 5 Since the method's introduction, it has suffered from migration complications; therefore, the method has been improved up to the present time, initially by using screw fixation in 1966.
14 The migration of K-wires is a rare but well-known and significant complication of this osteosynthesis method. Numerous cases of wire migration have been reported, with various migration pathways and specific symptomatic or asymptomatic presentations. 1, 10 Migration to the spinal canal is very rare, presumably because of the almost complete osseous protection of the canal by the vertebral column. 7 In this report we present a case of symptomatic K-wire migration into the spinal canal without spinal cord injury.
case report

History and Examination
A 30-year-old male was brought to the Department of Neurosurgery at the Military Medical Academy in June 2014, complaining of bilateral numbness in the ulnar dermatomes and persistent headache. The patient stated that his symptoms began while he was lifting his child, as he experienced short-term pain in his back and numbness in all 4 extremities, followed by a spontaneous decrease in his symptoms before the examination. His medical history revealed that he had suffered a right clavicle fracture in a motorcycle accident 4 months earlier. As treatment for the fractured clavicle, fixation was performed with 2 K-wires. In the follow-up period, one of the wires was removed and the other was left behind. The patient was conscious and oriented, with no vital functions compromised. A persistent headache, starting from the upper neck and spreading to the occipital and frontal region, was present with no cranial nerve symptoms. Neck flexion was followed by worsening of the headache. There was no papilledema or other signs of increased intracranial pressure. Numbness and sensory loss in the upper extremities in the distribution of the ulnar nerve were present, with no significant motor deficit. Cerebellar probes were negative. There was no urinary incontinence.
Radiography studies of the cervical spine showed a wire in the spinal canal ( Fig. 1) , penetrating the T-2 foramen and reaching the contralateral foramen of the same vertebra. This finding was confirmed by CT, on which it was noted that the wire was positioned entirely in front of the spinal cord, with only a compressive effect on the structures in the spinal canal (Fig. 2) . The lungs were not affected, as the wire was positioned in the muscles of the back.
Operation
The wire was surgically removed with the patient under general anesthesia. A skin incision was made at the right side of the back in the region of the transverse part of the trapezius muscle, 5 cm below the edge of the shoulder, medially and caudally oriented toward the spinal canal, and about 10 cm in length. Trapezius and supraspinatus muscle dissection was performed, and the wire tip was found in the intercostal muscle between the first 2 ribs protruding dorsally (Fig. 3) . After identification of the tip, the K-wire was pulled out with forceps (Fig. 4) . No significant bleeding or cerebrospinal fluid (CSF) leakage was noted. After routine hemostasis, wound closure was performed with simple sutures of muscles, fascia, and skin.
Postoperative Course
After surgery, all symptoms were instantaneously gone, and the patient felt no numbness in his arms or headache while recovering in the intensive care unit. During the 1-month follow-up, the patient reported sporadic headaches of lower intensity, which disappeared completely in the next 3 months.
discussion
Migration of the wires used in shoulder bone fixation is a well-known complication that can be very dangerous and must therefore be adequately prevented.
1,10 Migrations of K-wires into the spinal canal were initially reported in 1977 and 1986. 3, 6 The present case features a man in whom 1 of the 2 implanted K-wires was left behind in the clavicle and had migrated into the spinal canal. Migration into the spinal canal without spinal cord injury usually presents with no neurological symptoms. 2, 4, 8, 11, 17, 20 In our case the symptoms were present, although no signs of spinal cord injury were found, nor were they present during or after surgery. The presence of a K-wire in the spinal canal caused bilateral numbness in the ulnar dermatomes as a result of spinal cord and spinal root compression, as well as headache. Both symptoms subsided after wire extraction. The exact cause of the headache remains uncertain, but meningeal irritation due to the presence of a foreign body 12, 13 is a plausible explanation, since there was no CSF leakage, which usually causes headache. 18, 19 Nevertheless, no other signs of meningeal irritation were present. Only 1 case reported in the literature describes a headache (together with pain and stiffness) in a patient with a foreign body in the spinal canal.
12 Table 1 presents all previously reported cases of osteosynthesis material migration into the spinal canal. All patients were male, with ages ranging from 22 to 66 years. The wires migrated from the fixed clavicle in 7 cases, from the humeroscapular region in 1 case, 20 and from an acromioclavicular joint fixation in 2 cases. 8, 15 The point of entry into the spinal canal ranged from C5-6 16 to T8-9,
20
most often at the C7-T1 2,3,6,15 and T2-3 4,8,9,11 levels. In the presented case, the penetration occurred at T2-3, which is the most common level. The migration was usually discovered in a period varying from 26 days 20 to 2 years 15 after insertion, with most cases diagnosed between the 2nd and 4th month on routine follow-up radiography 2, 8, 9, 11, 16 due to an absence of any symptoms. After the material extraction, 1 patient recovered with persisting moderate lower limb hypesthesia 4 and 1 with permanent sexual dysfunction, 15 whereas other symptomatic patients attained a complete recovery in a maximum of 4 months, which was the case for our patient.
This case is unique for the presence of spinal cord compression symptoms and a headache without any injury to the spinal cord, which has never been reported in the thoracic region. 
conclusions
Although considered routine, the procedure for shoulder bone fixation should not be underestimated or taken lightly given its simplicity. The migration of fixation material may, in some cases, be fatal or can lead to permanent neurological deficits. 10 The use of terminally threaded pins or pins bent at the end is advised. Proper immobilization of the arm and shoulder should last long enough to secure the best possible recovery without complications (migration in particular), and radiographic and clinical followups should always be performed. If there is no possibility of removing the fixation material, even more attention is needed until further movement of the material can be completely ruled out.
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